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Xiilasa. Maqgalada 2-ci tip sakorli diabetin qalxanabanzor vazi disfunksiyast ilo miisayiat edilmayan vo
komorbid hipotireozla (HT) va/vo ya gqeyri-toksik urla (DQTU) kegon hallarinda xastolorin biokimyavi
laborator gostaricilavinin forqli cahatlorini dyranmok mogsadilo aparilmis tadqgiqat isi hagqina malumat
verilmigdir. Bu magsadla retrospektiv olaraq 596 SD2 xastasinin xastalik tarixlori arasdirilmisdwr. Todgiqatin
naticalori gostormigdir ki, komorbid HT ilo ke¢con va SD 2 olan xastalorin gqan serumunun lipid profili
yiiksaksixliglt lipoprotein xolesterolunun aydin ifads edilon azalmast ila, hamginin qaliq xolesterolun  va
trigliseridlorin qalxanabanzor vazi disfunksiyast ilo miisayiat edilmayan SD2 olan xastalorlo miiqayisado
artmast ila xarakteriza edilir. Qalxanabanzor vazi disfunksiyasi ilo miisayiat edilmayan va/va ya diffuz qeyri-
toksik uru olan SD-Ii xastalorda biokimyavi profilli laborator gostaricilor arasinda aspartatamintransferaza
(AST) miistasna olmagqla, statistic ahamiyyatli forq askar edilmomigdir. Yalmz gan serumunun AST aktivliyi
komorbid HT vo DQTU olan xastalorda ahomiyyatli doracads yiiksok olmusdur. Bundan alava, $SD2-nin
komorbid HT vo ya DQTU ilo miisayiat edildiyi xastalords tireotrop hormonun qan serumundaki
konsentrasiyast ilo AST aktivliyi arasinda birbasa korrelyasiya asililigi miisahido edilmisdir.
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The article presents the results of a study conducted to analyze and compare biochemical laboratory data
of type 2 diabetic patients without thyroid dysfunction and type 2 diabetic patients with comorbid
hypothyroidism (HT) and/or diffuse nontoxic goiter (DNTG). A retrospective analysis of 596 medical records
of T2DM patients was carried out.

Serum lipid profile in type 2 diabetes mellitus (T2DM) patients with comorbid HT was characterized by a
significant decrease of high-density lipoprotein cholesterol level, as well as an increase of remnant
cholesterol and triglyceride levels compared with T2DM patients without thyroid dysfunction, as well as
T2DM patients with comorbid DNTG. Biochemical profile data significantly did not differ in T2DM patients
without thyroid dysfunction and T2DM patients with comorbid HT and/or DNTG, except aspartate
aminotransferase (AST) activity, which was significantly higher in T2DM patients with comorbid HT and
DNTG. Moreover, significant direct correlation was observed between serum TSH level and AST activity in
T2DM patients with comorbid HT and DNTG.
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Diabetes mellitus (DM) is a multifactorial
metabolic disorder, which became a global
health problem. The number of people with
diabetes in Ukraine is growing every year and
currently more than 1.3 million DM patients
are enrolled in an official registry, however,
the total number of diabetics in the country
may reach 3.5 million people [1]. Complica-
tions of type 2 diabetes mellitus (T2DM) are
detected in more than 80% of patients, of
which 50% have two or more complications.
Excessive body weight, obesity, dyslipidemia
and hypertension have been found to
contribute to further risk of T2DM and its
complications [2]. In recent years, researchers
have paid more attention to the comorbid
course of T2DM with thyroid dysfunction [3].
Among patients with T2DM, thyroid
dysfunction is more common than in the
general population. The prevalence of thyroid
dysfunction among patients with T2DM has
been reported to range from 2.2 to 17.0% [4].
Hypothyroidism (HT) and diffuse non-toxic
goiter (DNTG) are common thyroid disorders.
In regions with sufficient iodine intake, the
prevalence of primary HT ranges from 1.0 to
2.0% [5]. On the other hand, in patients with
T2DM, according to various authors, the
prevalence of HT ranges from 5.7 to 37.1%
[6, 7]. The prevalence of DNTG increases
with increasing iodine deficiency and
becomes endemic in populations where iodine
intake is insufficient [8]. Thus, in the world
population, the prevalence is 15.8%, ranging
from 4.7% in America to 28.3% in Africa [8-
10]. Recently, routine laboratory
investigations, including serum biochemical
profile, have attracted attention in their
potential use for adverse outcomes risk
stratification in diabetic patients, especially in
comorbid course of T2DM.

The aim of our study was to analyse and
compare serum biochemical profile of type 2
diabetic patients without thyroid dysfunction
and type 2 diabetic patients with comorbid
HT and/or DNTG.

Materials and methods. We made a retrospective
analysis of 596 medical records of the type 2 diabetic
patients who were hospitalized to the Endocrinology
department of the municipal non-profit enterprise
"Ternopil University Hospital" of Ternopil Regional
Council in 2019. Patients were divided into 4 groups:

group 1 (501 patients without comorbid thyroid
dysfunction), group 2 (37 patients with comorbid HT),
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group 3 (40 patients with comorbid DNTG) and group
4 (18 patients with comorbid HT and DNTG).

The diagnosis of T2DM was confirmed according
to the recommendations of the American Diabetes
Association [11]. HT was diagnosed according to the
criteria of the European Thyroid Association [12]. If
T4 values were within normal limits, subclinical
hypothyroidism (SCH) was diagnosed. The diagnosis
of DNTG was confirmed according to the WHO
guidelines [13].

Patients with a history of other thyroid diseases
(than HT and DNTG), patients which were prescribed
thyroid hormone-related drugs, patients with pregnancy
or lactation, as well as with cancer, infectious diseases,
neurological or mental diseases (depression, anxiety
and schizophrenia) were excluded from the study.

Thyroid sonography was performed for all
participants that included transverse and longitudinal
location.

Serum biochemical profile (total protein, total
amylase, urea, creatinine, total bilirubin, aspartate
aminotransferase (AST) and alanine aminotransferase
(ALT) in blood serum was determined using a standard
kits with a COBAS INTEGRA® Diagnostics automatic
biochemical analyser in the Biochemical Laboratory of
Ternopil University Hospital, Ternopil, Ukraine.
Serum lipid profile (total cholesterol (TC),
triacylglycerols (TG) and high-density lipoprotein
cholesterol  (HDL-C)) were determined  with
commercially available kits on a Cobas 6000 analyzer
(Roche Hitachi, Germany) in the Biochemical
Laboratory of Ternopil University Hospital, Ternopil,
Ukraine. Friedewald’s formula was used to calculate
low-density lipoprotein cholesterol (LDL-C) levels:
LDL-C (mmol/L) = TC — HDL-C — (0.45 x TG). Non-
HDL-cholesterol was calculated using the formula:
non-HDL-C = TC — HDL-C. Remnant cholesterol (RC)
was calculated using the formula: RC (mmol/L) = TC —
(HDL-C + LDL-C).

Plasma insulin level was determined by the help of
enzyme-linked immunosorbent analyzer “Thermo
Scientific Multiskan FC” using DRG set (Germany).
HOMA-IR (Homeostasis Model Assessment for
Insulin Resistance) index was used to determine IR. It
was calculated using the formula: HOMA-IR= (fasting
plasma glucose, mmol/l x fasting plasma insulin,
ulU/ml)/22.5 [14].

Body mass index (BMI) was calculated using the
formula: body weight (kg) / height (m?).

Study results were analysed using STATISTICA
7.0. The Kolmogorov-Smirnov test was used to
compare probability distributions. Quantitative values,
due to their non-parametric distribution, are compared
using the Mann-Whitney test and were presented as
median (Me) and interquartile range. The results were
considered statistically significant at the probability
level (p-value) <0.05. The association between the
studied indices was established based on the results of
the correlation analysis using Spearman’s rank
correlation coefficient.

Results and discussion. Analysis of the

data of type 2 diabetic patients included in the



Table 1. The indices of carbohydrate metabolism in T2DM without comorbid thyroid dysfunction and type 2

diabetic patients with comorbid HT and/or DNTG, Median (Min; Max)

Group Glucose, mmol/l HbAlc, % Insulin, pIU/ml HOMA-IR
T2DM 9.4 (7.5;12.1) 8.1(6,99;9.3) 13.85(9.87;17.34) | 5.59 (4.58;6.87)
P1 0.9751 0.00528* 0.3124 0.1383
) _ 14.32 )
T2DM + HT 9.92 (8.04;12.4) 9 (7.47; 10) (10.25:17.15) 6.09 (4.52;7.71)
P2 0.6216 0.1537 0.5009 0.8085
: . 15.02 .
T2DM + DNTG | 8.49 (7.84;10.18) 8.7 (7.6;10.09) (10.75:18.71) 5.85 (4.56;6.72)
P3 0.4441 0.1603 0.8863 0.1868
T2DM + HT + _ , 16.28 )
DNTG 9.44 (7.92;10.71) 9.75 (8.05;11.09) (11.67:17.31) 6.44 (5.94;7.06)

Note: p; - T2DM vs T2DM + HT + DNTG, p, - T2DM + HT vs T2DM + HT + DNTG, p; - T2DM + DNTG
vs T2DM + HT + DNTG; * - statistically significant difference.

study showed that the average age of patients
in the group T2DM was 56 (50; 62) years, 56
(52; 61) years in the group T2DM + HT, 58
(55; 64.25) years in the group T2DM +
DNTG and 58 (57; 68) years in the group
T2DM + HT + DNTG. BMI in the group
T2DM + HT + DNTG was significantly
higher by 15.88% compared with the group
T2DM without thyroid pathology, by 11.77%
compared with the group T2DM + HT and by
12.41% compared with the group T2DM +
DNTG.

The evaluation of carbohydrate metabolism
(table 1) revealed significantly higher levels
of HbAlc by 20.37% in the group T2DM +
HT + DNTG compared with only T2DM

group. Comparing data of insulin, fasting
glucose and HOMA-IR index, no significant
differences were found between the study
groups.

Evaluating the data of the serum lipid
profile (table 2), we found significantly higher
levels of RC (by 64.00%) and lower levels of
HDL-C (by 23.63%) in the group T2DM +
HT + DNTG compared with T2DM only
group. There was also a 49.73% increase of
TG level in patients with comorbid T2DM,
HT and DNTG compared with T2DM only
patients. Significantly higher levels of RC
(p=0.01436) and TG (p=0.0144) were also
found in the group T2DM + HT + DNTG
compared to T2DM + DNTG group.

Table 2. The indices of lipid metabolism in type 2 diabetic patients without comorbid thyroid
dysfunction and T2DM with comorbid HT and/or DNTG, Median (Min; Max)

ron TC, HDL-C, LDL-C, RC, non-HDL-C, TG,
P mmol/L mmol/L mmol/L mmol/L mmol/L mmol/L
4.99 11 3.05 0.75 _ 1.83
T2DM | 408588) | (095:124) | (24:3.9) | (044118 | 392 B2LA88) |y 59 g
o 0.8334 | 00003678 | 04941 | 0.0003299* 0.2785 0.008401*
T2DM + 5.28 0.98 3.34 1.06 , 253
HT 4859) | (082:117) | (264391) | (0.72:1.00) | 42 C74488) |1 g5 gy
0, 0.1694 0.1866 0.09682 0.09306 0.346 0.1641
T2DM + 5.25 1.04 32 0.96 _ 214
DNTG | (472:598) | (0.82:1.32) | (275:4.07) | (0.64:12) |*00(358483) 1 415 66)
05 0.4145 0.07049 0.1504 0.01436% 0.7685 0.0144*
T2DM + 4.96 0.84 293 123 _ 274
HT+DNTG | (4856) | (0.781.02) | (2.6:334) | (114131 | 390 C74458) |5 535 g9)

Note: p; - T2DM vs T2DM + HT + DNTG, p, - T2DM + HT vs T2DM + HT + DNTG, p; - T2DM + DNTG
vs T2DM + HT + DNTG; * - statistically significant difference
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During the study of serum biochemical
profile we found significant changes only in
one parameter — AST activity in the group
T2DM + HT + DNTG - 25.2 (22; 30.6) U/l
compared to T2DM + DNTG -18.2 (13.25;
24.68) U/l (p=0.02819) and compared to
T2DM only — 181 (14.2; 258) U/
(p=0.01379). No statistically significant
difference was found between other studied
biochemical parameters in type 2 diabetic
patients without comorbid thyroid
dysfunction and type 2 diabetic patients with
comorbid HT and/or DNTG.

When evaluating the level of thyroid
hormones, significantly lower TSH levels
were obtained in the group of type 2 diabetic
patients ~ without  thyroid  dysfunction
compared to the group of T2DM + HT +
DNTG (p<0.001) and significantly higher by
64.9% T4 levels (p<0.001), respectively.
There are also higher levels of TSH (p<0.001)
and lower levels of T4 (p<0.001) in the group
T2DM + HT + DNTG compared with T2DM
+ DNTG group.

An increase in the size of the thyroid gland
in the group T2DM + HT + DNTG compared
with T2DM only and T2DM + HT groups
was found by the help of ultrasound
investigation. Thus, the total thyroid volume
was by 47.41% and by 51.32% significantly
higher in the group T2DM + HT + DNTG
compared with the groups T2DM only and
T2DM + HT, respectively.

We analyzed correlations between serum
TSH and T4 levels and HbAlc, TG levels and
AST activity in all study groups. Significant

direct correlations were observed only
between serum TSH level and HbAlc
(r=0.42, p=0.031), TG levels (r=0.34,

p=0.048) and AST activity (r=0.38, p=0.042)
in type 2 diabetic patients with comorbid HT
and DNTG.

Thyroid dysfunction and T2DM often tend
to coexist in patients [15-17]. There are data
available that the prevalence of HT in T2DM
patients ranges from 6.0% to 20.0% across
different ethnic groups [3, 6]. On the contrary,
M. Smithson reported lower prevalence rates
for thyroid dysfunction in type 2 diabetic
patients [18]. These inconsistencies could be
explained by differences in age, sex, and
iodine intake in the populations surveyed
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[19]. Undiagnosed thyroid dysfunction may
affect the metabolic control and enhance
cardiovascular, and other chronic
complication risks in diabetic patients [20],
therefore, it is very important to determine
risk factors for thyroid dysfunction
development among T2DM patients.

The evaluation of glucose metabolism
indices established significantly higher levels
of HbAlc in the group T2DM + HT + DNTG
compared with T2DM only group. Barmpari
et al. reported higher levels of HbAlc in
patients with T2DM and HT compared with
diabetic patients without HT [7]. According to
Kim et al. HT falsely raises HbAlc due to
decreased erythropoiesis [21]. Thyroid
hormone replacement is associated with a
decrease in HbAlc level, which is influenced
by increased erythropoiesis rather than by
changes in glucose level. Moreover, we found
significant direct correlation between serum
TSH level and HbAlc in type 2 diabetic
patients with comorbid HT and DNTG. T.
Karar et al. showed a weak positive
correlation (r=0.212, P=0.034) between
HbAlc and TSH levels in type 2 diabetic
patients [22].

Our result of a dyslipidaemia in patients
with  T2DM and comorbid thyroid
dysfunction is consistent with the results by
Du et al. who identified low levels of HDL-C
in T2DM patients as a risk factor for thyroid
dysfunction [23]. Elgazar et al. [24] also
reported in their study a significant increase
of TG levels in T2DM patients with comorbid
thyroid dysfunction compared with T2DM
only patients.

X. Wanjia et al. reported that TSH levels
were correlated in a positive linear manner
with the TC and TG levels in Chinese
population with newly diagnosed
asymptomatic coronary heart disease [25]. L.
Tian et al. indicated that TSH might up-
regulate hepatic 3-hydroxy-3-methyl-glutaryl
coenzyme A reductase expression, which
suggested a potential direct role of TSH in the
cholesterol biosynthesis in the liver [26]. X.
Wanjia et al. found that the TSH level was
significantly higher in the hypercholesterole-
mic and hypertriglyceridemic subjects vs
patients with normal levels of TC and TG
[25]. Similar results have been obtained by



Lai et al. [27], who demonstrated that the
TSH level in the hypertriglyceridemia group
was much higher than in the normal control
group. In case of lipid profiles, the
concentrations of TC, TG and non-HDL-C
were significantly higher in patients whose
TSH level were in the upper limits than those
whose TSH levels were in the lower limits of
the normal range. This phenomenon was
supported by the HUNT study [28], which
suggested that within the clinically normal
TSH range, the increasing level of TSH was
associated with less favorable lipid
concentrations.

Evaluating the data of serum biochemical
profile, we found significant changes only in
one parameter — AST activity. A.M.
Kucharska et al. analysed biochemical
laboratory data of patients with severe HT due
to autoimmune thyroiditis [29]. They
observed a preponderance of AST elevation:
it was detected in 82% of patients and ALT
increased in 65%. The value of TSH
correlated positively only with AST activity.
Most researchers suggest that AST elevation
in HT results from associated myopathy, not
only the liver injury. On the other hand, other

pathophysiology of the injury, including
oxidative stress and decreased ceruloplasmin
level, which is reported in hypothyroid
patients [30].
Conclusions
1. Type 2 diabetic patients with comorbid
HT and/or DNTG had significantly
higher BMI and increased level of
HbAl1c compared with diabetic patients
without thyroid dysfunction.
2. Serum lipid profile in T2DM patients
with comorbid HT was characterized by
a significant decrease of HDL-C level,
as well as an increased of RC and TG
levels compared with T2DM patients
without thyroid dysfunction, as well as
T2DM patients with comorbid DNTG.
3. Biochemical profile data significantly
did not differ in T2DM patients without
thyroid dysfunction and T2DM patients
with comorbid HT and/or DNTG,
except AST activity, which was
significantly higher in T2DM patients
with comorbid HT and DNTG.
Moreover, significant direct correlation
was observed between serum TSH level
and AST activity in T2DM patients with

factors could also be

involved in comorbid HT and DNTG.
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BHOXUMHUYECKHUE JTABOPATOPHBIE JAHHBIE BOJIbHbIX CAXAPHBIM TUABETOM 2
THUITA C KOMOPBUJHOU JUCOYHKIIMEN
N TOBUJIHOMU KEJIE3bI

' Kagpedpa dynxyuonansnoii u nabopamopnoii Quacnocmuxu, TepHonoabCKuti HAYUOHATbHbLIL MEOUYUHCKIUL
yuusepcumem umenu MA. I'opbauesckozo, Teprononw, Yrpauna,
zKaqbedpa MeouyuHckou buoxumuu, TepHOnoabCKU HAYUOHANbHBIUL MEOUYUHCKULL YHUBEPCUMEm UMEHU
U A.Topbauesckozo, Tepnononv, Ykpauna, 3 Kageodpa ¢uzuuecxoti mepanuu, speomepanuu,
Kommynanvnoe Yupeocoenue Boicueco Obpazosanus « Pogenckas meduyunckas axademusy, PosHo,
Ykpauna

Pe3tome. B crartbe mpencTaBieHbl pPe3ylbTaThl WCCICIOBAaHUS, MPOBEICHHOTO C UENBI0 aHANM3a |
CPaBHEHHUS OMOXUMHUCCKUX JIA0OPATOPHBIX NaHHBIX 00NbHBIX CJl 2 6e3 MUCHYHKIMU MUTOBUIHON JKEJIE3bI
1 OonbHBIX caxapHbiM quadberoMm 2 tuma (CJ[2) ¢ komopOuaneiM runotupeo3om (I'T) u/umu auddy3HbM
HetokcmueckuM 3000M ([IHT3). beur mpoBeneH peTpoceKTHBHBIN aHamn3 596 ucrtopuil 60ne3Hn OOIHHBIX
Caz.

Pesynprarel mccnemoBaHMA IMOKa3aid, YTO JIMMUAHBIN Npoduis CHIBOPOTKH KpoBU OombHBIX CJI2 ¢
komopOuaneiM ['T xapakTepus3oBasicsi JOCTOBEPHBIM CHIDKEHMEM YPOBHS XOJIECTEPOJa JIMIONPOTCHHOB
BBICOKOW IIJIOTHOCTH, @ TakK)Ke IOBBIIICHUEM YPOBHS OCTATOYHOTO XOJIECTEPOJIa U TPUTIHUIECPHIOB IO
cpaBHEeHUIO ¢ OonbHBIMU CJ/I2 0Oe3 MUCYHKIMU IIMTOBUIHON jKele3bl, a Takke ¢ OombHbIMH CJI2 ¢
komopOunaeiM JIHT3. [lanasie Onoxummdeckoro npodwis y 6ompHbXx CJ12 63 qucyHKIUN MUTOBUTHON
xene3bl My 00sbHBIX C/12 ¢ komopOuanem I'T w/umu JIHT3 qocToBepHO HE pas3indairch, 32 UCKIIOUCHUEM
aKTHUBHOCTU acrnapraramuHoTpancdepassl (ACT), kotopas Obuta qocToBepHO Bhimie y OonbHBIX C/I2 C
komopOuaneM I'T u JJTHT3. Kpome Toro, Habmomanack 1oCTOBEpHAs MpsiMasi KOPPESLHUS MEXILY YPOBHEM
TTT B ceiBopoTke KpoBHU 1 akTUBHOCTBIO ACT y 60mbHbIX CJ12 ¢ komopOuauev I'T u IHT3.
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